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The  subject  of  ununited  fractures  in  long  bones  is  one 
which  has  always  been  of  great  interest  to  the  surgeon, 
though  he  has  never  beeu  able  to  give  a  satisfactory- 
explanation  of  the  cause.  During  the  present  century 
three  well-known  series  of  tables  of  ununited  fractures 
have  been  compiled.  The  earliest  is  by  Dr.  George  W. 
Norris,  a  surgeon  to  the  Pennsylvania  Hospital,  who  in 
1842  published  150  cases  of  non-union  after  fractures.1 
The  second  series  was  collected  by  Dr.  Gurlt,  and  is 
published  in  his  '  Handbuch  der  Lehre  von  den  Knochen- 
briichen/  Berlin,  1862.  It  consists  of  484  cases  drawn 
from  all  sources.  The  third  and  most  extensive  series  was 
issued  by  the  late  Prof.  Agnew,  who,  in  his  great  work 

1  'The  American  Journal  of  the  Medical  Sciences,'  N.  S.,  vol.  iii,  p.  1. 
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on  the  '  Principles  and  Practice  of  Surgery,'  Philadelphia, 
1878,  has  collected,  by  the  energy  of  Dr.  Frank  Muhlen- 
berg, no  less  than  685  cases  of  ununited  fractures  of  the 
shafts  of  long  bones.  In  this  large  number,  however,  are 
included  many  of  Norris's  and  Gurlt's  cases.  We  have 
thus  in  an  accessible  form  1319  cases  of  ununited  fracture 
duly  tabulated,  and  including  persons  of  all  ages. 

No  one  hitherto  has  been  at  the  trouble  to  collect  and 
to  publish  cases  of  ununited  fracture  in  children,  although 
it  is  known  that  they  often  possess  features  of  especial 
interest.  As  my  attention  has  recently  been  called  to 
the  fact  of  their  occurrence,  and  circumstances  have  led 
me  to  collate  the  literature  of  the  subject,  I  have  thought 
that  it  might  prove  useful  if  I  tabulated  the  cases  which 
I  have  met  with.  I  have  accordingly  done  so,  and  it  is 
with  a  consideration  of  this  table  that  I  propose  to  occupy 
a  short  period  of  your  time  this  evening. 

Sir  James  Paget,  in  the  very  interesting  series  of  essays 
entitled  '  Studies  of  Old  Case-books/  which  has  been 
recently  issued,  says,  n  I  have  seen  only  three  cases  of 
ununited  fractures  in  young  children,  aud  the  measures 
which  are  usually  sufficient  for  the  cure  of  this  defect  in 
adults  were  in  all  these  cases  completely  useless.  Similar 
cases  have  occurred  to  others  ;  and,  so  far  as  I  know, 
they  have  not  been  explained  "  (p.  130) .  The  table  of 
cases  which  I  present  to  you  shows  that  Sir  James  Paget's 
opinion  holds  ti'ue  even  when  his  conclusion  is  applied  to 
a  very  large  series  of  cases.  How  little  attention  has 
been  bestowed  upon  the  subject  of  ununited  fractures  in 
children  is  manifest  from  the  fact  that  it  has  escaped  the 
notice  of  so  careful  and  experienced  an  observer  as  our 
President,  Mr.  Timothy  Holmes. 

There  is  no  doubt  whatever  about  the  rarity  of  cases 
of  ununited  fracture  in  young  children,  though  I  am 
rather  inclined  to  think  that  they  are  becoming  somewhat 
more  numerous  than  was  formerly  the  case.  Dr.  Norris, 
in  his  table  of  150  cases,  only  records  a  single  instance 
of  non-union  in  a  child  which  had  come  under  his  personal 


THE  LONG  BONES  OF  CHILDREN. 


121 


notice  (No.  23).  Gurlt  in  484  cases  gives  14  in  children, 
whilst  Agnew  in  his  685  cases  records  28  instances  of 
non-union  in  children  under  ten  years  of  age.  I  find, 
however,  that  Prof.  Agnew's  tables  make  three  separate 
cases  out  of  one  which  was  recorded  by  Tamplin,  so  that 
the  cases  which  he  tabulates  as  Nos.  641,  642,  and  643 
are  the  same  patient  at  different  periods ;  and  the  same 
error  has  crept  in  with  regard  to  Nos.  65  and  220,  so  that 
this  reduces  the  number  to  a  total  of  25. 

From  the  annexed  table  it  will  be  seen  that  I  have  been 
able  to  obtain  details  of  72  cases  of  ununited  fracture  in 
the  long  bones  of  children  under  ten  years  of  age.  From 
a  consideration  of  the  tables  it  is  obvious  that  the  fractures 
group  themselves  into  three  classes.  The  first,  in  which 
the  fracture  is  intra-uteriue,  or  at  any  rate  in  which  it 
was  noticed  directly  after  birth ;  the  second  class  em- 
braces those  fractures  which  occur  in  young  children, 
often  as  a  result  of  slight  violence,  and  it  is  to  this  class 
that  I  wish  to  direct  special  attention  this  evening. 
Finally,  there  is  a  third  class  which  embraces  the  bulk 
of  the  cases  in  which  the  fracture  took  place  in  older 
children,  either  as  the  result  of  an  accident  in  the  usual 
manner,  or  the  non-union  followed  upon  an  osteotomy  or 
other  operation  performed  for  the  relief  of  deformity.  As 
an  extremely  rare  condition  spontaneous  fracture  is  met 
with  in  children,  just  as  it  is  occasionally  seen  in  adults. 
In  my  table  I  have  endeavoured  to  exclude  cases  of  non- 
union following  compound  fracture,  as  in  such  cases  the 
pathology  of  repair  is  so  different. 

Of  the  cases  I  have  collected  it  will  be  seen  that  6 
occurred  in  the  clavicle,  7  in  the  humerus,  12  in  the 
femur,  and  45  in  the  leg,  where  the  fracture  involved  one 
or  both  bones.  It  is  interesting  to  notice  that  I  have 
met  with  no  recorded  case  of  ununited  fracture  of  the  lower 
jaw,  nor  as  yet  of  the  bones  of  the  forearm,1  and  this  is 

'  Since  this  paper  was  written  Mr.  Anderson  lias  had  a  case  of  ununited 
fracture  of  the  radius  in  a  boy  under  his  care  at  St.  Thomas's  Hospital.  He 
tells  me  that  after  operation  he  has  obtained  bony  union,  and  he  has  kindly 
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still  more  interesting  when  we  consider  the  statistics  of 
fractures  as  they  are  met  with  in  children.  I  have  amalga- 
mated the  figures  given  by  Marjolin,  Langenbeck,  Packard, 
and  Beck,  which  amount  in  the  aggregate  to  1070  cases. 
Of  these  there  were — 


Fractures  of  the  forearm  .  .  .  328 

„        „      humerus  .  .  .  228 

„               clavicle  .  .  .  227 

„      femur  .  .  .  213 

„      leg    .  .  .  .  74 


— thus  showing  that  although  fractures  of  the  forearm  are 
so  much  more  frequent  than  those  of  any  other  bone,  they 
most  rarely  result  in  non-union  (a  very  unexpected  result 
at  which  to  arrive),  whilst  after  fractures  of  the  leg  the 
proportion  of  cases  of  non-union  is  appallingly  great. 

As  regards  the  sex  of  the  patients  pseudartlirosis 
occurred  in  40  males  and  in  29  females,  whilst  in  3  cases 
the  sex  is  not  mentioned.  It  seems  to  be  a  pretty  gene- 
rally entertained  opinion  that  non-union  is  more  fre- 
quently seen  on  the  left  than  upon  the  right  side.  I  am 
sorry  that  my  tables  do  not  settle  this  point,  owing  to  the 
fact  that  so  few  observers  have  noted  the  side  upon  which 
the  fracture  occurred.  In  47  cases  where  the  side  is 
mentioned  I  find  that  in  24  cases  it  was  upon  the  right, 
and  in  22  cases  it  was  upon  the  left,  whilst  in  1  case  both 
bones  of  both  legs  were  fractured.  Of  the  total  number 
of  72  cases  of  false  joint  bony  union  resulted  in  21  cases 
owing  to  the  treatment  which  was  adopted  ;  in  4  cases  the 
patient  was  improved,  or  in  other  words  the  fibrous  union 
was  rendered  somewhat  firmer,  thereby  enabling  the  patient 
to  get  about  in  some  form  of  apparatus  ;  but  in  45  cases, 
or  nearly  two  thirds  of  the  total  number,  the  condition 
of  the  patient's  limb  remained  the  same,  and  I  there- 
allowed  me  to  include  the  case  in  my  table  No.  14.  I  have  also  found  a  case 
of  unuuited  fracture  of  the  radius  and  ulna  recorded  by  Dr.  Norris,  but  it 
seems  to  have  been  an  instance  of  delayed  union  rather  than  one  of  pseud- 
artlirosis. 
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fore  class  these  cases  as  failures.  Of  the  cases  which 
were  cured,  nine  appear  to  have  been  examples  of  delayed 
union  rather  than  of  ununited  fractures,  as  union  took 
place  at  intervals  varying  from  three  to  eighteen  months 
after  the  injury. 

It  would  appear  from  a  study  of  the  table  that  un- 
united fractures  in  children  are  becoming  somewhat  more 
frequent  in  this  country  than  they  used  to  be.  This  can 
no  doubt  in  part  be  accounted  for  by  the  greater  care 
with  which  such  fractures  are  recorded  ;  partly  by  the 
fact  that  increased  facilities  for  locomotion  now  allow  of 
such  cases  being  gathered  into  one  or  other  of  the  nume- 
rous Hospitals  for  Children  which  are  established  in  most 
large  towns.  Forty  years  ago  such  patients  would  have 
remained  in  country  districts,  where  they  would  only  occa- 
sionally have  come  under  the  notice  of  practitioners  too 
busy  to  give  them  more  than  a  passing  thought,  and  who 
when  they  did  think  of  them  would  only  regard  them 
as  hopeless  cases  sooner  or  later  destined  for  ampu- 
tation. There  is,  however,  another  reason,  I  think,  for 
the  frequency  of  ununited  fractures  in  children.  In  1814 
Roux,  the  great  French  surgeon,  paid  a  visit  to  London, 
where  he  appears  to  have  devoted  his  time  to  making  a 
careful  inspection  of  the  hospitals.  On  his  return  to 
Paris  he  published  his  observations  in  an  octavo  volume 
of  368  pages,  entitled  '  Relation  d'un  voyage  fait  a  Londres 
en  1814;  ou  parallele  de  la  Chirurgie  angloise  avec  la 
Chirurgie  francoise.'  In  this  work,  amongst  other  points, 
he  remarks  (page  192),  "  II  est  probable  qu'ils  voient  [i.  e. 
English  surgeons]  tres-souvent  des  consolidations  tardives. 
Je  soupconne  enfin  que  la  pseudarthrose,  c'est-a-dire  la 
conversion  d'une  fracture  en  une  fausse  articulation,  est 
un  accident  qu'ils  ont  plus  souvent  que  nous  l'occasion 
d'observer.  C'est  pour  nous,  chirurgiens  francois,  une 
chose  si  rare,  de  voir  une  fausse  articulation  succeder  a 
une  fracture,  qu'il  y  a  plusieurs  annees  qu'on  n'a  prati- 
que en  France  l'operation  de  White,  c'est-a-dire,  la  resec- 
tion des  fragmens  de  l'os  non  consolide,  et  que  depuis 
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quelques  annees  aussi  qu'un  chirurgien  de  Philadelphie, 
Physick,  a  concu  l'ingenieuse  idee  du  traitement  de  la 
pseudarthrose  par  ^'interposition  et  le  sejour  momentane 
d'un  seton  entre  les  bouts  de  l'os  non  consolide,  pour  y 
exciter  l'inflammation  adhesive,  cette  operation  n'a  ete 
pratiquee,  que  je  saclie  du  rnoins,  par  aucun  chirurgien 
franeois."  This  increased  frequency  of  the  non-union  in 
England  Eoux  attributed  to  the  fact  that  the  roller  band- 
age used  here  is  much  more  difficult  to  keep  firmly  applied 
than  the  many-tailed  bandages  which  are  commonly  used 
in  France.  Whatever  may  be  the  real  cause  of  this  re- 
markable rarity  of  non-union  in  France,  there  is  no  doubt 
that  it  was  maintained  for  many  years.  In  a  lecture 
given  in  1860  at  the  Hopital  des  Enfants1  in  Paris,  M. 
Guersant  says,  n  I  have  only  seen  a  single  case  of  ununited 
fracture  occurring  in  a  child  in  the  whole  of  my  long  ex- 
perience, and  for  this  child  everything  was  done,  but 
ineffectually,  and  her  leg  had  to  be  amputated  (No.  69). 
M.  Marjolin,  in  his  edition  of  '  Coulon's  Treatise  on  Frac- 
tures in  Children/  states  that  up  to  the  time  he  was 
writing  he  had  never  met  with  a  case. 

It  appears  to  me  that  want  of  rest  is  the  main  cause  of 
the  non-union  of  fractures,  though  there  may  be  many 
subordinate  factors.  Hamilton,  in  his  paper  published 
in  the  'Buffalo  Medical  Journal ,2  so  long  ago  as  1854, 
pointed  out  that  hinge-movements  between  the  ends  of  a 
fractured  bone  are  the  most  fertile  source  of  non-union. 
It  is  exactly  this  kind  of  movement  which  occurs  in  the 
broken  bones  of  children  when  they  are  nursed  or  carried 
about,  especially  when,  as  frequently  happens,  the  fracture 
has  been  overlooked,  and  no  restraining  apparatus  has 
been  employed  for  a  week  or  ten  days  after  the  injuiy. 
This  explanation,  however,  will  not  account  for  the  in- 
creasing frequency  of  false  joints  in  children ;  but  I  am 
inclined  to  correlate  this  phenomenon  with  the  decadence 
of  bandaging  in  England.    With  a  roller  bandage  well 

l  *  Gaz.  des  H6pitaux,'  I860,  p.  346. 

a  See  '  A  Practical  Treatise  of  Fractures  and  Dislocations/  ed.  7,  p.  287. 
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applied,  arid  a  wooden  splint,  it  is  quite  possible  to  render 
all  fractures  of  long  bones  absolutely  immovable,  without 
exercising  any  injurious  pressure.  Of  late  years,  bow- 
ever,  we  are,  I  tbink,  inclined  to  trust  somewhat  too  much 
in  cases  of  fracture,  and  especially  in  tbe  fractures  of 
children,  to  plaster-of- Paris  splints  and  cases,  which,  being 
left  to  others  to  apply,  are  not  quite  accurately  moulded 
to  the  limb.  The  increased  frequency  of  non-union  is, 
perhaps,  also  partly  to  be  explained  by  the  comparative 
contempt  with  which  we  are  in  the  habit  of  regarding 
fractures  since  osteotomy  has  made  us  more  familiar  with 
their  pathology  and  treatment.  This,  again,  may  lead  us 
to  be  a  little  careless  in  insisting  from  the  beginning 
upon  the  maintenance  of  that  absolute  immobility  of  the 
fragments  which  is  so  necessary  for  repair.  Then,  when 
fibrous  union  results,  we  find  to  our  cost  that  there  is  little 
or  no  tendency  to  produce  bone,  even  when  we  use  every 
means  in  our  power  to  evoke  a  deposition  of  callus.  I 
am  utterly  unable  to  explain  the  pathological  process  upon 
which  this  failure  to  produce  bone  really  depends,  but  I 
cannot  help  thinking  that  it  is  due  more  to  a  local  than 
to  a  constitutional  cause,  for  the  failure  to  unite  often 
occurs  in  the  bones  of  children  who  otherwise  appear  to 
be  in  perfect  health. 

Gentlemen,  my  purpose  this  evening  has  been  fulfilled 
if  I  have  directed  your  renewed  attention  to  the  subject 
of  fractures  in  children,  and  if  I  have  pointed  out  once 
more  how  important  it  is  to  secure  by  every  means  in  our 
power  immediate  bony  union,  always  bearing  in  mind  that 
if  this  process  fail  our  little  patient  will  in  all  probability 
be  a  cripple  for  life. 

In  compiling  the  following  table  I  have  placed  myself 
under  great  obligations  to  the  surgeons  of  St.  Bartholo- 
mew's Hospital,  to  Mr.  Pick,  Mr.  Clutton,  Mr.  William 
Anderson,  and  Mr.  Stephen  Paget,  to  each  and  all  of 
whom  I  hereby  offer  my  best  thanks  for  the  kind  permis- 
sion they  have  so  readily  accorded  me  to  make  use  of 
their  cases. 
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Appendix. 

By  the  kindness  of  the  authorities  of  St.  George's 
Hospital  in  general,  and  of  Dr.  H.  D.  Rolleston  in  particular, 
I  am  able  to  show  a  dissected  specimen  (No.  64  in  the 
table  of  cases)  of  an  ununited  fracture  in  the  left  leg  of  a 
child.  The  tibia  is  broken  about  four  inches  and  the 
fibula  about  two  inches  above  the  ankle.  The  lower 
fragments  of  both  bones  are  tilted  forward,  overlapping 
the  opposite  fractured  extremities.  The  upper  ends  of 
the  lower  fragments  are  rounded  off,  and  are  covered 
with  a  dense  fibrous  structure.  The  lower  ends  of  the 
upper  fragments  are  connected  with  the  contiguous  frag- 
ments throughout  nearly  the  whole  of  the  circumference 
by  a  dense  fibrous  capsule  or  band  holding  them  firmly 
together.  A  part  of  each  upper  fragment,  however,  is 
not  covered  with  any  such  deposit,  but  is  movable  upon  a 
similar  uncovered  part  of  the  lower  fragment.  The  tibialis 
anticus  and  the  extensor  proprius  hallucis  are  pushed  out- 
wards by  the  projecting  part  of  the  tibia,  and  the  ex- 
tensor longus  digitorum  is  displaced  by  the  fibula,  which 
is  embedded  more  or  less  in  its  muscular  fibres.  The 
peroneus  longus  and  brevis  are  also  thrown  forwards 
and  outwards  as  they  pass  behind  the  external  malleolus. 

The  fracture  is  said  to  have  been  of  eight  years'  stand- 
ing in  a  girl  of  ten  years  old.  The  bones  were  movable 
at  the  seat  of  fracture,  and  the  skin  was  ulcerated  at  the 
same  point,  owing  apparently  to  the  projection  of  the  frag- 
ments. The  leg  was  wasted,  and  was  three  inches  shorter 
than  its  fellow. 

When  the  child  was  two  years  old  she  was  struck  with 
a  cricket  ball,  which  bruised  but  did  not  appear  to  break 
her  leg.  She  was  put  to  bed  and  poulticed,  and  after  a 
time  leather  splints  were  applied.  She  was  at  this  time 
in  bad  health,  and  her  leg  became  "  bowed  out."  Ten 
months  later  it  broke,  and  since  that  time  it  has  twice 
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been  broken.  Two  years  before  her  admission  to  the 
hospital  she  was  an  in-patient  for  six  weeks,  when  splints 
were  applied,  but  without  good  result.  The  limb  was 
amputated,  and  the  patient  made  an  excellent  recovery.1 

1  St.  George's  Hospital  Museum,  Series  I,  No.  203. 


(For  report  of  the  discussion  on  this  paper,  see  '  Proceedings  of 
the  Royal  Medical  and  Chirurgical  Society,'  Third  Series,  vol.  iv, 
p.  35.) 


